Introduction
Helper T cells (Th) play an important role in antigen induced humoral immune responses. At least two effector subpopulations of murine Th cells, differentiated according to the spectrum of cytokines produced, have been reported. 2, 3 Th-1 cells exclusively produce IL-2 and IFN-7, whereas Tho2 cells exclusively produce IL-4, IL-5 and IL-10, but not IL-2 and IFN-. It has been described that adjuvant, used to facilitate the induction of antigen specific immune responses, plays an important role in determining which T cell subset will be activated in vivo. 4 by T cells from mice primed with antigen emulsified in CFA and cultured in the absence of antigen was markedly higher than the production of IFN-7 in similar cultures of T cells from mice primed with antigen adsorbed on alum. 6 Based on these results is was suggested that alum augments preferentially Th-2 mediated responses, whereas CFA augments preferentially Th-1 mediated responses. Antigen adsorbed on alum would thus be expected to induce IgG1 and IgE responses, since IL-4 is involved in the process of isotype switching to IgGx and IgE. 7, 8 Upon immunization in the presence of CFA, the same antigen would be expected to elicit a preferential IgG2a response, since reported to enhance IgG2a production. Moreover, IL-4 inhibits IgGaa production, whereas IFN-7 decreases both the IgG and IgE synthesis, 9 indicating that the balance between these two cytokines determines the () 1994 Results are presented as arithmetic mean +/-S.E.M. in g/ml (n 5). 27 The possibility that the endogenous cytokine production profile of spleen cells had changed as a result of IFN-treatment was studied next. Therefore, the cytokine production by Con A stimulated spleen cells from control and IFN-T treated mice 1 day after 10btg TNP-KLH adsorbed on alum. On day 7, both total and antigen specific IgE serum levels were determined in pooled sera of four mice (Fig. 2) . Under these conditions it did not make any difference whether alum or CFA was used as adjuvant during priming. Upon boosting with 10 btg TNP-KLH adsorbed on alum similar levels of both antigen specific and total IgE were produced at day 7 by mice primed either with TNP-KLH adsorbed on alum or emulsified in CFA (Fig. 2) . It was therefore concluded that the memory formation for IgE is also not influenced by alum and CFA.
Collectively, the results show that when using TNP-KLH as antigen, the resulting production of IgG1, IgE and IgG2a is not dependent on the adjuvant employed. CFA and alum rather act as enhancement factors for ongoing antigen induced antibody responses, in which the carrier part of the antigen determines the isotypes produced. Upon using KLH as carrier, apparently an abundant IL-4 production is generated by carrier specific Th-2 cells which is not easily counteracted by IFN-T. Recently, it has been described that IL-4 production is dependent on the type of antigen and the duration of antigenic stimulation. 31 It is possible that repeated antigenic stimulation of T cells, by immunization with TNP-KLH every 2 days for 14 days, induces IL-4 production resulting in IgE synthesis. When antigen is given once, the use of adjuvant could result in an antigen depot, resulting in repeated antigenic stimulation and subsequent IL-4 production. This indicates that IL-4 can be induced by antigen, independent of the type of adjuvant, resulting in an antibody response dominated by IgG1.
Fox 13 has described that immunization with a protein antigen either given adsorbed on alum or emulsified in CFA induced similar T-cell proliferation and cytokine production. Moreover, in this study it was shown by limiting dilution analysis that comparable frequencies of antigen specific T cells are induced by the antigen, independent of the adjuvant used. These data support our view that it is most likely the carrier part of antigen that preferentially activates the development of either Th-1 or Th-2 effector cells, after which the adjuvant merely enhances the antibody responses generated. The possibility that other types of antigen in combination with either alum or CFA will result in different isotype patterns cannot be excluded. However, at the moment no such studies are available with respect to the type of antibodies tested in our study.
